The objective of the present study was to investigate the effects of three different culture media on the development of canine somatic cell nuclear transfer (SCNT) embryos. Canine cloned embryos were cultured in modified synthetic oviductal fluid (mSOF), porcine zygote medium-3 (PZM-3), or G1/G2 sequential media. Our results showed that the G1/G2 media yielded significantly higher morula and blastocyst development in canine SCNT embryos (26.1% and 7.8%, respectively) compared to PZM-3 (8.5% and 0%) or mSOF (2.3% and 0%) media. In conclusion, this study suggests that blastocysts can be produced more efficiently using G1/G2 media to culture canine SCNT embryos.
In many mammalian species, somatic cell nuclear transfer (SCNT) embryos have been developed to blastocyst stage under optimized in vitro culture conditions. Several culture media, such as modified synthetic oviductal fluid (mSOF), have been used to culture bovine [5] and ovine [7] SCNT embryos. Porcine zygote medium-3 (PZM-3) has been used to culture porcine [1] SCNT embryos from the zygote to blastocyst stage. However, no reports on successful blastocyst development of canine SCNT embryos have been published. To date, only two investigations have been conducted regarding the in vitro development of canine SCNT embryos [6, 13] . In these studies, canine SCNT embryos cultured in mSOF medium developed to the 6-cell and morula stages, indicating that the low development of canine SCNT embryos may be due to the use of sub-optimal culture media. Thus, the objective of the present study was to investigate the effects of three different culture media on the development of canine SCNT embryos.
This study was carried out in accordance with the Guidelines for the Care and Use of Laboratory Animals of the National Institute of Animal Science and was approved by the National Institute of Animal Science Institutional Animal Care and Use Committee (approval no. NIAS 2013-054). Adult fibroblasts were isolated from an ear skin biopsy of a Labrador retriever. Ear tissues were cultured in advanced Dulbecco's modified Eagle's medium (Gibco-BRL, USA) supplemented with 10% (v/v) fetal bovine serum (FBS) and an antibiotic-antimycotic mixture at 38.5 o C in 5% CO 2 and 95% air. Fibroblast cells at passages from two to five were cultured to confluency for synchronization in the G0/G1 stage and used for SCNT. Recovery of oocytes matured in vivo and SCNT were performed as previously described [6] . In vivo matured canine oocytes were obtained by flushing the oviducts of mixed-breed female dogs, and cumulus cells of the recovered oocytes were removed by repeated pipetting in holding medium (HEPESbuffered tissue culture medium-199 supplemented with 10% FBS) containing 0.1% hyaluronidase. The matured oocytes were then stained with 5 g/mL bisbenzimide (Hoechst 33342) for 5 min and enucleated with a micromanipulator in holding medium supplemented with 5 g/mL cytochalasin B. A fibroblast cell with a smooth surface was injected into the perivitelline space of an enucleated oocyte. The couplets were placed in fusion medium (0.26 M mannitol, 0.1 mM MgSO 4 , 0.5 mM HEPES, and 0.05% [w/v] bovine serum albumin [BSA] ) and fused by electrical stimulation (two DC pulses of 34 V for 15 sec) delivered with electrical rods. After 30 min of electrical stimulation, fusion was confirmed by microscopic observation. Fused embryos were activated in mSOF medium containing 10 M calcium ionophore for 4 min followed by culturing in mSOF medium supplemented with 1.9 mM 6-dimethylaminopurine for 4 h. The activated embryos were maintained in 20 L microdrops of mSOF, PZM-3, or G1/G2 sequential media (Vitrolife, Sweden) covered with mineral oil at 38.5 o C in 5% O 2 , 5% CO 2 , and 90% N 2 for 8 days. For culturing in G1/G2 sequential media, the embryos were first cultured in G1 medium for 3 days, and then further cultured in G2 medium for 5 days. All data was analyzed using a chi-square test. P values ＜ 0.05 were considered significant.
Our results showed that culturing canine SCNT embryos in G1/G2 media resulted in greater cleavage as well as morula and blastocyst development compared to PZM-3 or mSOF media (Table 1) . Cleavage rates were higher (p ＜ 0.05) for G1/G2 [n = 101/115 (87.8%)] and PZM-3 media [n = 40/47 (86.5%)] than mSOF media [n = 26/44 (59.1%)]. Development up to the morula or blastocyst stage was significantly higher (p ＜ 0.05) for G1/G2 media [n = 30/115 (26.1%) and n = 9/115 (7.8%), respectively] compared to PZM-3 [n = 4/47 (8.5%) and n = 0/47 (0%), respectively] or mSOF media [n = 1/44 (2.3%) and n = 0/44 (0%), respectively]. The blastocysts cultured in G1/G2 media contained 59.0 ± 2.8 cells (range: 50∼70, n = 8; Fig. 1 ).
Some media, such as TCM-199 [9, 10] and mSOF [11] , have been previously used for culturing canine embryos. However, these reagents are inadequate for culturing canine embryos in vitro due to very low developmental capacity of the resulting embryos into the blastocyst stage. A previous study demonstrated that one canine oocyte could develop to the blastocyst stage following in vitro fertilization (IVF) [10] . In the present investigation, three different media were used to determine the effect of the media on the development of canine SCNT embryos. mSOF medium has been used for culturing embryos for bovine IVF and SCNT embryos from the zygote to blastocyst stage [4, 12] . PZM-3 medium has been widely utilized for culturing porcine embryos in most IVF and cloning experiments [14, 15] . G1/G2 sequential media are most widely used for human and mouse embryos [3] because these reagents accommodate the changing carbohydrate and amino acid requirements of the embryo and were specifically formulated to prevent intracellular stress in the embryo [8, 12] . During the early cleavage stage, the embryo has a low metabolic activity with a limited ability to utilize glucose; it generates energy from the oxidation of pyruvate/lactate and non-essential amino acids at low levels [2] . Conversely, the post-compaction embryo has a high metabolic activity, uses glucose as the preferred nutrient, and requires nonessential along with essential amino acids for cell proliferation and differentiation as well as specific vitamins to maintain oxidation [2] . G1/G2 sequential media were formulated to mimic environmental changes experienced by the developing embryo in vivo [2] .
In conclusion, results of the present study showed that G1/G2 sequential media is superior to PZM-3 and mSOF media for supporting the development of canine SCNT embryos in vitro. To the best of our knowledge, this study is the first to show that canine SCNT embryos can be developed to the blastocyst stage in vitro. Our data suggest that blastocyst embryos can be produced in vitro by culturing canine SCNT embryos in G1/G2 sequential media. However, further studies are needed to enhance development into blastocyst stage and improve the quality of SCNT-derived canine embryos.
